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Abstract 
In the present study, Cu-doped nano-La0.8Sr0.2MnO3 (LSM) protective coating has been applied on SUS430 stainless steel alloy 
substrate by using a wet spray coating process combined with nitrate solution impregnation. The Cu-doped nano-LSM coating 
acts as a barrier to evaporation and migration of Cr-containing species from interconnect which is effective for preventing 
chromium volatilization from interconnect alloys in solid oxide fuel cells. Long-term isothermal and non-isothermal oxidation 
experiments for area specific resistance (ASR) measurements were investigated. The Cu-doped nano-LSM coating was 
characterized by using X-ray diffraction (XRD), scanning electron microscopy (SEM) with an energy dispersive X-ray (EDX) 
analyzer. The results of ASR test showed that doping of Cu as a transition metal dopant into LSM improves electrical 
conductivity. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Ferritic stainless steel interconnects are commonly used for solid oxide fuel cell (SOFC) application due to its 
low cost, good formability, high electrical and thermal conductivity and low ionic conductivity, Shaigan et al. 
(2010). However, the high chromium volatility and formation of CrO2(OH)2 on cathode at high operating 
temperatures of the SOFC stack cause degradation of cell performance, a phenomenon known as chromium 
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poisoning, Abdoli and Alizadeh (2012). The chromia based scales formed on interconnects leads to poor electrical 
conductivity and power loss during long-term SOFC operation. Moreover, the spallation of chromia scale would 
occur after long term operation. Applying a protective coating on metal interconnects prevents chromium poisoning 
and suppress oxide scale growth with decreasing outward diffusion of Cr and inward diffusion of oxygen at high 
temperatures, Dheeradhada et al. (2011). Lanthanum strontium manganite (LSM) is most commonly used protective 
coating material for SOFC metallic interconnects owing to its high electrical conductivity, close thermal expansion 
coefficient (CTE) with stainless steel, and stability in an oxidizing environment, Wu et al. (2014). However, because 
of the ionic conducting nature of perovskites, the oxidation of metallic interconnect substrates and the formation of a 
chromia-rich subscale may not be significantly prevented, Fu et al. (2006). Furthermore, the growth of chromia-rich 
scales can induce porosity at the alloy-scale interface, which can result in scale cracking and spallation under 
significant growth stresses, Harthøj et al. (2015). In the present study, Cu-doped nano-LSM coating was applied to 
improve both electrical conductivity and oxidation resistance of SOFC interconnects at high temperatures. Doping 
with Cu and using LSM nanopowders significantly facilitated densification of coating. Incorporating a transition 
metal cation such as Cu into LSM structure allows control of sintering, electrical, and thermal expansion 
characteristics and further improves the coating properties. The Cu-doped LSM coating was fabricated via wet spray 
coating combined with metal nitrate solution impregnation. Furthermore, area specific resistance (ASR) 
measurements were employed to characterize the coating after long-term oxidation. 
2. Experimental details 
SUS430 alloy with the dimension of 20×10×1 mm was cut and used as substrate. The surface was polished with 
800-1200 grit SiC paper, followed by ultrasonically degreasing and finally washing in acetone and ethanol 
immediately prior to each use. The La0.8Sr0.2MnO3 nanopowders (LSM, Fuel Cell Materials, d50=100 nm) were 
mixed with ethanol and binding agents (PVB and toluene). The weight ratio for the slurry was LSM : binder : 
ethanol = 0.6 : 0.1 : 1.0. Finally, the slurry was prepared for wet spraying after jar-milling for 24 h. The spray 
coating was performed using an air brush (DH 115, Sparmax, nozzle diameter of 0.3 mm) with an air compressor 
(Sparmax #A1) under 20 Psi pressure. The distance between the nozzle and the substrate was kept at 6-10 cm. The 
spray coating was applied on both sides of the samples for four times in horizontal and vertical directions. Then, 
coated samples were dried overnight at room temperature, followed by binder burning off step at 430°C for 10 h. 
The coated samples were heat-treated in an Ar protective environment at 800 °C for 4 h, in order to protect metallic 
substrate from oxidation before and during densification of the coating. Cu impregnation solution was prepared from 
0.1 M Cu(NO3)2·3H2O (99.8%, Sigma–Aldrich, USA) solution in distilled water. The nitrate solution was 
impregnated into the LSM coated sample and again heat-treated at 800 °C for 4 h. This process was repeated for 
four times. The crystal structures and phases were characterized by X-ray diffraction (XRD, Philips PW 1480), 
using Cu Ka radiation in the 2θ=20–90° range at a step size of 0.02° and a count time of 0.6 s. The The morphology 
and composition of coated sample were characterized by scanning electron microscopy (VEGA\\TESCAN) 
equipped with an energy dispersive spectroscopy (EDS).  
The area specific resistance (ASR) vs. time and temperature measurements for coated and uncoated samples were 
conducted using a four-probe DC technique under a constant current density of 0.5 Acm−2 in air using the setup 
shown in Fig. 1. Ag paste and wires was applied between the meshes and the coated surface to improve the contact.  
Moreover, a mechanical load of 0.2 MPa ensured an intimate contact between the various components. The 
temperature profile for ASR experiment is included a heating up to 800°C with a ramp of 180°C/h. The test 
temperature, 800°C, was held for approximately 100 hours. The temperature was thereafter reduced stepwise to 
evaluate the temperature dependency of the electrical resistance in the oxide scale. With a cooling ramp of 180°C/h 
the furnace temperature was lowered in 50°C-steps and held there to stabilize the temperature in the furnace and the 
interface resistances at the specific temperatures. Five thermal steps between the test temperature, 800°C, and room 
temperature (i.e. 750, 700, 650 and 600°C) were performed to evaluate how temperature variations affected the 
electrical resistance in the samples. 
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Fig. 1. Schematic illustration of ASR measurement setup. 
3. Results and discussion 
3.1. Characterization of coating 
Figure 2 presents the powder XRD patterns for Cu-doped nano-LSM fabricated by wet spray coating combined 
with nitrate solution impregnation. The diffraction peaks can be indexed to LSM perovskite phase, Tarragó et al. 
(2015). No characteristic peaks for secondary or impurity phases were observed. This means that doping of Cu into 
LSM causes no significant changes in the crystal structure. 
 
 
Fig. 2. XRD pattern of Cu-doped nano-LSM. 
Figure 3 shows the surface microstructures of Cu-doped nano-LSM coated sample. The surface is made up of 
uniformly dispersed nano-LSM particles in soft agglomerates free of cracks. The elemental distribution map and 
EDS analysis in Fig. 4a and 4b depicts that no second phase, including Cr2O3 and Fe2O3 was detected and Cu 
element  as a dopant was uniformly covered the coating surface.  
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Fig. 3. SEM micrographs of the surface of Cu-doped LSM coating. 
 
 
 
 
 
 
 
Fig. 4. (a) Elemental distribution map; (b) EDS analysis of Cu-doped nano-LSM coating surface. 
3.2. ASR investigation 
The most important requirement for a metallic interconnect materials is to have a low resistance during long-term  
SOFC operation. The conductivity and oxide scale growth of interconnect could be evaluated by area specific 
resistance (ASR) measurements. The ASR (mΩ cm2) of the samples was calculated with Ohm’s Law, Piccardo et al. 
(2007): 
/ 2ASR V S I u
  (1) 
where V is the voltage drop, I is the applied current and S is the electrical contact surface. The factor 1/2 is used to 
show the role of one surface. The ASR variations with oxidation time at 800 °C in air for uncoated and Cu-doped 
nano-LSM coated samples are shown in Fig. 5a. The increase in ASR value can be related to the continuous growth 
of the oxide scale on the substrate surface. The Cu-doped nano-LSM coated sample exhibited lower ASR value of 
0.079 Ω cm2 than that of the bare interconnect (0.82 Ω cm2) over the whole oxidation time at 800 oC. The great 
conductivity of Cu-doped nano-LSM coated sample can be attributed to an excellent adhesion of the coating on the 
oxide scale and to the high density of the deposit after oxidation at high temperature, whereas the bare interconnect 
exhibits a significant degradation. Concurrently, the low ionic conductivity of Cu-doped nano-LSM structure has the 
beneficial effect of suppressing the growth of surface oxide scales beneath the coating. LSM is known to have 
higher electrical conductivity in comparison with Cr2O3, Piccardo et al. (2007). Fig. 5b shows the non-isotherm plots 
of area specific resistance (ASR) for uncoated and Cu-doped nano-LSM coated samples after 100 h oxidation at 
(a) (b) 
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800oC. The logarithm of (ASR/T) varies linearly versus the reciprocal temperature (1/T), showing the electrical 
behavior of semiconductor as described by the Arrhenius equation, Piccardo et al. (2007): 
/ exp( / )aASR T A E kT 
  (2) 
where A is a pre-exponential constant, T the absolute temperature, Ea the activation energy, and k the 
Boltzmann's constant. The corresponding activation energy (Ea) was calculated from the slope of the recorded linear 
curves. The higher value of Ea= 0.58 eV for Cu-doped nano-LSM coated sample indicates the higher conductivity 
performance of coated interconnects in temperature range of 550-800oC which is considerable value as compared 
with that of 0.30 eV for Cr2O3. 
 
 
 
 
 
 
 
Fig. 5. ASR as a function of  (a) time at 800 oC; (b) temperature after 100 h oxidation in air for bare and Cu-doped LSM coated SUS430 steel. 
4. Conclusions 
It was demonstrated that wet spray coating combined with nitrate solution impregnation technique is an effective 
method to fabricate Cu-doped nano-LSM coating on SUS430 interconnects. After oxidation at 800 oC in air for 100 
h, Cu-doped nano LSM-coated SUS430 alloy showed the low ASR value of 0.079 Ω cm2, as compared with bare 
SUS430 (0.82 Ω cm2). The protection layer effectively prevented outward diffusion of chromium and inward 
diffusion of oxygen. The results of ASR measurements showed that Cu-doped nano LSM layer has a good electrical 
conductivity at a high temperature and it is a good candidate as protective coating for SOFC interconnects since 
ASR values are really below those generally accepted as the upper limit for SOFC interconnects (i.e. 0.1 Ω cm2).  
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